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African Bees in the Americas: 
Insights from Biogeography and 
Genetics 
The spread of African honey 6ees in South 
and Central America is one of the most 
remarkable and certainly among the most 
highly publicized instances of biological in- 
vasion. Their aggressive nest defense has 
led to numerous stinging incidents and 
even deaths; aggressiveness, coupled with a 
tendency to abandon the nest when dis- 
turbed, has also caused serious disruption of 
beekeeping and pollination industries in 
regions that they have invaded’. The rapid 
spread of African bees in the Americas 
and their recent arrival in the United 
States have sparked interest in develop- 
ment of genetic tools for identification 
of honey6ee populations. This in turn 
has renewed interest in honey6ee 6io- 
geography. 
The western honey bee, Apis 
mellifera, is native to Europe, 
Africa and the Middle East. It en- 
counters a wide range of climates 
and habitats, which are reflected in 
numerous geographic races or sub- 
species. Early studies of honeybee 
biogeography focused on morpho- 
logical differentiation of these sub- 
species; morphological measure- 
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ments are still the most widely 
used method for distinguishing 
African and European honey bees 
in the Americas*. Ruttner3 has re- 
viewed and summarized the large 
body of literature on honeybee 
biogeography and morphometrics, 
recognizing 24 subspecies. Princi- 
pal component analysis of morpho- 
logical characters indicated three 
groups of Apis mellifera subspecies: 
a sub-Saharan or tropical African 
group; a north African and western 
Mediterranean group; and a Middle 
Eastern and southeast European 
group3,4. 
Ruttnet! proposed that these 
three groups reflect Apis mellifera’s 
colonization of Europe and Africa: 
from a hypothesized origin in north- 
east Africa or the Middle East, one 
lineage would have spread around 
the eastern end of the Mediter- 
ranean basin, a second lineage 
around the southern and western 
Mediterranean, and a third into sub- 
Saharan Africa. Subsequently, each 
of these populations was further 
subdivided into the subspecies 
recognized today, presumably by 
differentiation in isolation. For 
example, during the Pleistocene 
glaciations, European honeybee 
populations would have been iso- 
lated in refugia in warmer Medi- 
terranean peninsulas; African popu- 
lations may have been isolated by 
alternate expansion and contraction 
of forest and Savannah. 
Additional information for study 
of honeybee biogeography came 
with the widespread application of 
protein electrophoresis to popu- 
lation biology. Though early studies 
of honeybee isozymes indicated 
very low levels of polymorphism, 
subsequent investigation has un- 
covered eight polymorphic loci5,6. 
Some polymorphisms are rare al- 
leles which occur sporadically in 
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Table I, Allele frequencies for cytoplasmic malate dehydrogenase (M&l) and hexokinase (Hk), for the honeybee subspecies discussed in the text / 
__-__ I 
Subspecies Locality No. of No. of 
hives bees Allele frequencies Refs 
Mdhl alleles 
S (65) M (80) (87) F (100) VF (137) 
mellifera Norway 6 405 0.04 0.85 0 0.11 0 31 
scutellata S. Africa IO 460 0 0 0 1 .oo 0 9 
scutellata S. Africa 15 278 CO.01 CO.01 0 0.99 0 16 
ligustica N. Italy _ 220 0.75 0.02 0 0.23 0 32 
ligustica N. Italy 5 313 0.64 0 0.07 0.29 0 33 
Hk alleles 
S (87) F (100) 
mellifera Norway 6 180 0 1 .OO” 31 
scutellata S. Africa 15 263 0.71 0.29 16 
ligustica N. Italy 5 120 0 1 .ooa 33 
ligustica N. Italy 15 90 0 1 .oo 7 
carnica Germany 12 96 0 1.00 7 
aln these studies hexokinase was found to be monomorphic, and it is assumed that the Hkallele present is the common European ‘fast’ or 
‘100’ form; however, these authors did not have samples of the slow allele available for comparison. 
/ 
I 
several populations. Others show 
allele frequency differences be- 
tween subspecies: cytoplasmic mal- 
ate dehydrogenase (Mdh/) and 
hexokinase (H/c) allele frequencies 
differ between European sub- 
species and African A. m. scutellata 
(Table II, and have been used in 
the study of African bees in the 
Americas7-I I. 
The first published study of honey- 
bee mitochondrial DNA (mtDNA) 
suggested that there might be little 
variation among subspecies’*. Sub- 
sequent work on samples drawn from 
a greater part of Apis melfifera’s 
natural range (Fig. I b) revealed sub- 
stantial variation in length and re- 
striction endonuclease cleavage 
sites13-16. 
The mtDNA data, like the mor- 
phometric data, indicate three 
lineages within Apis mellifera: a 
western European, an eastern Medi- 
terranean, and an African group 
(Table 2). The groupings indicated by 
the two data sets are generally simi- 
lar; where they differ is in the place- 
ment of north African populations. 
Morphometric data would place 
Egyptian A. m. lamarckii with the 
tropical African bees, and unite A. m. 
mellifera, intermissa, iberica and 
the remaining north African bees in 
a west Mediterranean group (Fig. 
la). According to the evidence from 
mtDNA (Fig. lb), A. m. lamarckii is 
similar to the bees of south and 
eastern Europe, while the other 
north African subspecies are joined 
with bees of sub-Saharan Africa in 
a single African lineage. Apis m. 
mellifera and some iberica make up 
the western European group. West- 
ern European and African bees 
apparently come into (secondary?) 
contact and hybridize in Spain, 
where both western European and 
African mtDNAs occur in A. m. 
iberica (D.R. Smith et a/. unpub- 
lished 1: west European mellifera- 
like mtDNA predominates in the 
north, while African intermissa-like 
mtDNA predominates in the south. 
There is much less differentiation 
of mtDNAs among subspecies 
within each lineage (Table 2). Al- 
though further study is needed to 
clarify this, some subspecies (e.g. 
A. m. carnica and ligustica) may dif- 
fer only in the frequency of mito- 
chondrial types present in both 
subspecies. Surveys of mtDNA from 
Spanish and South African honey 
bees indicate that the four-base re- 
striction enzyme Hinfl distinguishes 
‘African’ A. m. iberica (with 
intermissa-like mtDNAl from South 
African A. m. scutellata (D.R. Smith 
et al. unpublished). 
Honey bees in the New World 
The history of honey bees in 
the New World (summarized by 
SheppardI to some extent reflects 
colonization of the New World by 
European people. In the 1500% 
Spanish colonists brought their lo- 
cal honey bees, A. m. iberica, to the 
Americas. In the 1600s and I7OOs, 
colonists from England and north- 
western Europe imported A. m. 
mellifera. In the mid- 1800s ad- 
ditional races were imported, and 
three of these - A. m. carnica from 
southeastern Europe, A. m. cau- 
casica from the Caucasus, and A. m. 
ligustica from Italy - were favored 
by beekeepers; by the turn of the 
century they had virtually replaced 
other subspecies in domesticated 
North American populations, though 
in parts of South America, descend- 
ants of A. m. mellifera are com- 
mon in apiary populationss. Further 
importation of honey bees to the 
United States was prohibited by the 
Honeybee Act of 1922. While Euro- 
pean honey bees escaped from 
cultivation and established thriving 
feral populations in temperate 
North America, they did not fare as 
well in tropical South and Central 
America, and were unable to estab- 
lish large feral populations therelH. 
In 1956, geneticist and bee- 
biologist Warwick Kerr imported 47 
queens of South African and Tanza- 
nian A. m. scutellata to Brazil, with 
the goal of creating a hybrid strain of 
bee better suited to neotropical 
conditions19. Within a few years, a 
feral population of bees with be- 
havioral and morphological traits 
like those of the imported African 
bees became established there. A 
widely accepted accountI of the 
origin of this population is that an 
accident allowed 26 colonies to es- 
cape from culture and establish 
a feral population. (Unfortunately, 
this account leaves many questions 
unresolved. Was there a single 
introduction of 47 queens, or 
were multiple introductions made 
by other bee-breeders? Did the 
sample of African bees introduced 
represent a single population or 
multiple genetically distinct popu- 
lations? And to what extent was the 
early spread of African bees in 
South America human-assisted? I 
In the 34 years since the introduc- 
tion of these bees to Brazil, they 
have spread over most of South and 
Central Americazo, and come into 
contact with large domesticated 
populations of European honey 
18 
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Fig. I. la1 Morphometric studies of honeybee subspecies indicate three major lineages within Apismellifera, as shown here for the subspecies discussed 
in the textjJ. lb1 Mitochondrial DNA data also indicate three lineages within Apismellifera, shown here for the subspecies discussed in the text (Refs I 3-16 
and D.R. Smith et a/. unpublished). Letters indicate approximate collection sites for each subspecies studied. 
bees. Nonetheless, they have 
retained African behaviora12’, 
morphologica12,22 and allozyme9J’ 
characteristics, despite the obvi- 
ous potential for interbreeding with 
European bees and introgression 
of European characters. 
Study of the population biology 
of neqtropical African and African- 
ized bees (Box I I in the Americas 
has suffered from two problems. 
First, a great deal of effort has been 
devoted solely to identification, 
that is, classification of bees as 
either African/Africanized or Euro- 
pean. This is useful and necessary 
for practical management purposes 
but obscures the fact that these are 
interbreeding populations. Second, 
many studies of African bees in the 
New World have focused on apiary 
populations, ignoring feral African 
populations. This makes it difficult 
to determine if the feral and dom- 
estic African bees actually con- 
stitute a single population or 
partially isolated populations. The 
studies reviewed here document 
the genetic composition of these 
populations, and provide evidence 
about the pattern of gene flow 
among them. 
Paternal gene flow from the feral 
neotropical African population to 
the managed European population 
is well known. Young apiary queens 
mate with neotropical African 
drones and produce hybrid off- 
spring. This interbreeding between 
European and neotropical African 
bees leads to rapid ‘Africanization’ 
of European apiaries: worker bees 
in these hives show morphological 
and behavioral characteristics typi- 
cal of the African population. African 
maternal lineages can also enter 
Table 2. Mitochondrial sequence divergence within and among honeybee lineages” 
Lineaaes Percentage sequence divergence (k SD) 
Within lineages 
East Mediterranean (carnica and ligustica) 0.3% (F 0.3) to 0.9% (5 0.5) 
West European (mellifera and iberica) 0.3% (+ 0.3) to 1.0% (:t 0.6) 
African (scutellata, capensis and intermissal 0.3% (k 0.3) to 1.3% (:k 0.7) 
Among lineages 
East Mediterranean/West European 2.3% (k 0.9) to 3.7% (It 1.2) 
East Mediterranean/African 2.0% (5 0.8) to 3.7% (I? 1.2) 
West European/African 2.0% (5 0.8) to 3.4% (:t 1.2) 
“The percentage sequence divergence (see Ref. 34) between honeybee mitochondrial 
genomes (i.e. the percentage of base pairs that have undergone mutation since two 
lineages diverged) was estimated from restriction enzyme cleavage site maps for each 
subspecies. Data from Refs 13-16 and D.R. Smith eta/. unpublished. 
1 
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apiary populations: swarms headed 
by African queens are sometimes 
able to take over weak European 
colonies@. More commonly, bee- 
keepers add to their stock by cap- 
turing wild swarms, which in many 
areas are likely to be neotropical 
African bees. 
The extent of gene flow from the 
European population to the feral 
neotropical African population, and 
its source, whether from males or 
from females, is more controversial. 
Colonies of African and Africanized 
bees produce more drones23 and 
more swarms than typical European 
bees24J5. Thus, in Africanized api- 
aries the hybrid offspring of Euro- 
pean mothers and Africanized or 
neotropical African fathers produce 
large numbers of swarms, many of 
which escape from cultivation. The 
fate of these swarms is a crucial el- 
ement in determining the pattern of 
gene flow from European to neo- 
tropical African populations. Be- 
cause insect mtDNA is maternally 
inherited it can be used to trace the 
movements of swarms. If Africanized 
swarms successfully join the feral 
neotropical African population, then 
a substantial fraction of mitochon- 
drial genomes in that population 
should be European, since swarms 
dispersing from Africanized apiaries 
carry the European mtDNA of their 
maternal ancestors. If Africanized 
swarms do not make substan- 
tial contributions to the neotropical 
African population, there should 
be very little European mtDNA in 
the feral African population. 
Evidence from mtDNA 
The mtDNA of neotropical African 
bees’6,26 was surveyed with a set of 
restriction enzymes that distinguish 
African A. in. scutelfata from Euro- 
pean A. m. mellifera, carnica, lig- 
ustica and caucasica. Fifty-four of 
55 feral Mexican swarms and 21 
of 22 samples of Venezuelan and 
Brazilian neotropical African or 
Africanized colonies had African 
mtDNA; only two hives had Euro- 
pean mtDNA. 
It is also important to distinguish 
the mtDNA of South African A. m. 
scutellata from that of any relictual 
populations of Spanish or Portu- 
guese A. m. iberica, some of which 
have mtDNA belonging to the Afri- 
can group of mtDNAs. Hinfl digests 
of the same set of neotropical 
African mtDNAs (D.R. Smith, un- 
published) showed that the neo- 
tropical Africans resembled A. m. 
scutellata, not iberica. (This does 
not mean that populations de- 
scended from A. m. iberica do not 
exist; they may yet be detected in 
areas of northern Mexico and the 
southwestern United States where 
the climate is more similar to that of 
southern Spain.) 
Thus, the neotropical African 
population consists largely of the 
matrilineal descendants of A. m. 
scutellata, and is expanding primar- 
ily by dispersal of swarms. Although 
Africanized apiaries are known to 
produce large numbers of swarms 
carrying European mtDNAs, these 
do not appear to make a substantial 
contribution to the feral African 
population. We do not know why. It 
may be, for example, that there is 
active selection against European 
and European-African hybrids in 
the tropical environment; or the 
number of Africanized swarms may 
be small relative to the number of 
swarms produced by the large neo- 
tropical African population, so that 
the European mitochondrial gen- 
omes are swamped by more nu- 
merous African ones27. (However, 
the latter explanation begs the 
question of how the large, feral 
population with African mtDNA be- 
came established.) 
Evidence from tlze nuclear genome 
The evidence of mtDNA ad- 
dresses only half of the problem. 
Have neotropical African bees bred 
extensively with European drones? 
At this point the answer seems to 
be no, although more research is 
needed. Evidence comes from mor- 
phometrics, allozymes, and most re- 
cently, nuclear restriction fragment 
length polymorphisms. 
Boreham and RoubikZ2 monitored 
swarms of neotropical African bees 
in Panama over a 48month period 
beginning in 1982, when the first 
African swarms were detected in the 
Panama Canal area. Their mor- 
phometric measurements showed 
that the feral African population was 
‘strongly Africanized’ (i.e. smaller) 
throughout the study, but the bees 
collected in later months (1984- 
1985) were significantly smaller than 
the bees collected in 1982. Assum- 
ing that (other conditions being 
equal) larger bees have a higher 
proportion of European ancestry 
than smaller bees, it appears that 
when African bees enter a new 
region and are numerically inferior, 
mating occurs between European 
drones and African queens. Later, 
as the feral African population in- 
creases, introgression from the Euro- 
pean population is less apparent. 
On the other hand, a morphologi- 
cal study of feral neotropical African 
bees in Venezuela2* showed that they 
were larger, and morphologically 
distinguishable from South African 
A. m. scutellata, implying gene flow 
from European apiary populations. 
However, this study is difficult to 
interpret for two reasons: ( I ) it is not 
clear whether the feral population 
studied included swarms newly 
escaped from apiary populations 
(F, crosses between European and 
feral Africans); and (21 no data are 
presented comparing the feral neo- 
tropical African population to Euro- 
pean bees, though the authors state 
that 18 of the 24 morphological 
measurements made were more 
similar to African than to European 
bees. 
Recent studies using allozyme 
frequencies to assess the genetic 
composition of neotropical African 
and Africanized popu1ations7,R,10 in- 
dicate a high frequency of alleles 
typical of A. m. scutellata (Mdh/koo 
and I-fp7: Table I 1, and a low, though 
variable, frequency of alleles typical 
of European subspecies. Lobo et 
al8 estimated the genetic contri- 
bution of A. m. scutellata, mellifera 
and ligustica to feral honeybee 
populations in Brazil and Uruguay 
by comparing Mdhl allele frequen- 
cies in these populations with those 
found in Old World populations of 
each subspecies. They estimated 
that the genetic contribution of A. m. 
scutellata was in excess of 70% in 
each population sampled, while the 
contribution of A. m. ligustica was 
less than 4%. The contribution of A 
m. mellifera ranged from 13% in 
20 
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northeastern Brazil to 26% in south- 
western Brazil and Uruguay. Del 
Lama et al7 found that the fre- 
quency of the Hks7 allele in Brazilian 
populations ranged from 0.44 to 
0.65, being lowest in southwestern 
Brazil. 
Spivak et aLlo investigated both 
Mdhl and Hk allele frequencies in 
Costa Rican honey bees from 1984 
until 1988, when African bees began 
to enter the area, and compared 
them with European populations 
from Costa Rica and the United 
States. They found the frequency of 
the Mdhl’OO and HP7 alleles to be 
high (0.82 and 0.40, respectively) in 
strongly Africanized hives, lower in 
the intermediate hives (0.50 and 
0.351 and lowest in European hives 
(0.35 and 0.15 in Costa Rican hives, 
0.37 and 0.0 in North American 
hives). 
Recently, nuclear restriction frag- 
ment length polymorphisms (RFLPs) 
have been found that are unique 
to certain European subspecies29,70. 
Three single-locus markers are 
present in high frequency (70-75%) 
in European A. m. ligustica and 
carnica and absent in South African 
A. m. scutellata. The frequency 
of these markers in samples from 
wild-caught swarms of neotropical 
African bees and in colonies es- 
tablished from wild-caught swarms 
ranged from 8 to 18% in samples 
from southern Mexico collected in 
1988, when the African population 
had recently arrived. The markers 
were present in low frequency in 
Costa Rican neotropical African 
samples and in Venezuelan 
samples from colonies established 
from wild-caught swarms, and ab- 
sent in Venezuelan swarms newly 
captured in 1988. These data again 
indicate that there is gene flow from 
European populations to the neo- 
tropical African population, but at 
least in tropical populations the 
amount is relatively small. 
Conclusion 
The broad outlines of the story 
are now apparent. The evidence 
from mtDNA shows that relatively 
few queens with European mtDNA 
have contributed to the feral neo- 
tropical African population, which 
has expanded and colonized new 
territory by female dispersal 
(swarming). Nuclear markers (allo- 
zymes and RFLPs) show that neo- 
tropical African populations have 
African markers in high frequency 
and European markers in low 
frequency, indicating that there is 
gene flow from the European to 
the neotropical African population 
(presumably via males), but that 
the nuclear genomes of neotropical 
African bees maintain a large 
African component. The amount of 
introgression from European honey 
bees undoubtedly varies from region 
to region, depending on such factors 
as size of commercial apiaries in the 
area, their management, the par- 
ticular subspecies represented in 
the European population, and cli- 
matic factors. 
Given the outlines of the story, 
further research is needed. The first 
requirement is careful sampling of 
both feral and domesticated popu- 
lations in a region before, during 
and after the arrival of African bees, 
followed by analysis of nuclear and 
mitochondrial characters. This will 
permit the documentation of the 
pattern and time course of gene flow 
among populations (and will re- 
quire the application of more soph- 
isticated statistical analysis than has 
been necessary so far). 
A second requirement is a study 
of competitive interactions be- 
tween European and African bees 
in tropical and temperate environ- 
ments. African bees have been suc- 
cessful colonists in neotropical habi- 
tats lacking large feral honeybee 
populations. In North America, how- 
ever, ‘neotropical’ African bees will 
encounter large feral populations 
of temperate-adapted European 
bees. The potential exists either 
for extensive gene flow between 
feral European and feral African 
populations, or for competitive ex- 
clusion of African bees by resident 
feral European populations. A study 
of the apparently stable boundary 
between European and African 
bees in Spain may provide clues to 
the nature of gene flow between 
these two populations over an area 
of ecological transition, and in- 
sight into the eventual outcome of 
competition between European 
and African honey bees in North 
America. 
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